The polytene chromosome puffing pattern of Drosophila madeirensis was established and compared with those of the related species D. subobscura and D. guanche. A total of 145 loci, active in some of the 12 developmental stages analysed, were described, 38 of which were found to form the puffing pattern characteristic to this species. Taking into account the number of puffs as well as the mean puff expression, D. madeirensis shows a similar activity level to D. guanche, both species being less active than D. subobscura. The low gene activity of D. madeirensis and D.
Introduction
Drosophila subobscura, D. guanche and D. madeirensis are closely related species that form a cluster which differs from the other Drosophila species of the obscura group Cariou et al., 1988; Brehm & Krimbas, 1990; Gonzalez et al., 1990) . In a previous work (Moltó et al., 1988) we compared the gene activity of D. subobscura and D. guanche throughout pre-pupal development, establishing that the latter species is less active. The low activity of D. guanche can be explained as a result of its special characteristics. While D.
subobscura is distributed world wide, D. guanche is endemic to the Laurel forest of the Canary Archipelago. The natural populations of this species are small in size and inbreeding is probably high.
The present paper describes the puffing pattern found in D. madeirensis, as an approach to the study of the gene expression in this species. Because D.
madeirensis shows identical geographical isolation (endemic to Madeira island), ecological conditions (resides in the Laurel forest) and natural populations which are small in size as occurs for D. guanche, we have also compared its puffing pattern with those of D. subobscura and D. guanche in order to check whether gene activity is also depressed in D. madeirensis.
Materials and methods

Strain
The D. madeirensis strain used in this analysis was the isoline Mdl, coming from individuals captured on Madeira island. The autosomes of D. madeirensis are homosequential with the corresponding chromosomes of D. subobscura, U1÷2, E and 03 , while the X chromosome shows a different gene arrangement from any known arrangement of D. subobscura (Papaceit & Prevosti, 1989) .
Stages analysed
The puffing pattern of the salivary gland chromosomes of D. madeirensis was established at 12 stages during development: late third larval instar, and 0, h, 1 h, 2 h, 4 h, 10 h, 14 h, 16 h, 18 h, 22 h and 24 h after eversion of anterior spiracles. The stages were synchronized following the method described in Pascual et al. (1985) .
Experimental design A total of 20 individuals per stage and five nuclei per individual were analysed for each four autosomes. The sex chromosome (A) was analysed only in females (approximately half of the total). All experiments, cultures and cytological preparations were carried out at a controlled temperature of 19°C (± 1°C). The cultures were reared without overcrowding as described in Pascual etal. (1985) .
Because of strong homologies between the polytene chromosome banding patterns of D. madeirensis and D. subobscura, the location of the D. madeirensis puffs was determined by reference to the standard salivary gland chromosome map of D. subobscura (KunzeMühl & Muller, 1958) . To characterize a puff, three levels of development have been considered: (i) level (0) -no puffing, normal band morphology; (ii)level(1) -low degree of development; (iii) level (2) -medium or maximum level of development.
In order to quantify a puff frequency, the two designations (+ ) or ( + I -) are used. A puff may be noted as (+ ) when all five chromosomes analysed within a gland show a (2) level of puffing or (+/ -) when the puffing level varies between (2) and (0) in the same gland. The results are given in percentages.
Coefficient of biological distance
The distance coefficient DK2 (Kurczinsky, 1970) was calculated in order to quantify the degree of similarity between each pair of species belonging to the triad D. madeirensis-D. subobscura-D. guanche. It was calculated as described in Latorre et a!. (1988) , and was applied for each chromosome separately and for each species considering, in this case, all chromosomes. This coefficient was used because it can be statistically tested by the multivariant T2 of Hotelling. For large samples, as in our case, T2 is distributed approximately as x2 with r ( = total puffs studied) degrees of freedom. Dendrograms were constructed following the UPGMA method (Sneath & Sokal, 1973) .
Results
Pattern of puffing activity in D. madeirensis A total of 145 loci active in some of the 12 developmental stages studied is described in this species. The distribution of these puffs on the chromosome is as follows: 18 on chromosome A, 29 on chromosome J, 29 on chromosome U, 32 on chromosome E and 37 on chromosome 0. D. madeirensis also shows one Balbiani ring on chromosome J (section 24), that is active throughout all developmental stages studied.
The puffs described in this species show variable levels of activity. We considered three classes of puffs according to their ( +) and (+ / -) percentages of appearance ( per cent and 75 per cent). Figure 1 gives puffing sequences found in some of these loci belonging to both classes of puffs. Some of them show higher activity at specific times during development, either in the third larval instar (63A puff), at the beginning of pre-pupation (3 5AB puff), or at the end of pre-pupation (99BC puff). Other loci are active at different developmental stages (33B-34A puff) or throughout all pre-pupal period (46B and 53B puffs). The rest of the D. madeirensis puffs (40 per cent) shows a frequency equal to or lower than 25 per cent in all stages analysed, being considered as occasional puffs. (The puffing patterns of the three species. A total of 186 puffs are described among the three species, of which 166 are active in D. subobscura (Pascual et al., 1985) , 150 in D. guanche (Moltó et a!., 1988) and 145 in D. madeirensis. The characteristic puffing patterns of D. subobscura and D. guanche were established as was Gene activity
The puffing patterns of D. madeirensis, D. subobscura and D. guanche can also be compared by studying the mean gene activity of each species and also of each chromosome separately. For this reason, the A index described by Pascual et al. (1985) was used with some modifications. The mean gene activity of a species (A ) may be estimated by counting the frequency of appearance of the total puffs in all developmental stages The stages analysed are indicated on the X axis: late third larval instar (3*), and 0 to 24 h after eversion of anterior spiracles.
some +21 on the E chromosome + 19 on the J chromosome + 18 on the U chromosome + 16 on the A chromosome), k is the number of developmental stages studied in each species, N is the number of the total active loci observed in a species and P is the frequency of finding a locus with level (2) of development. As can be seen in Table 2 , D. subobscura shows more than double the activity found in D. madeirensis or D.
guanche, while these two species have a similar level of activity. In this case, r indicates the sections in which each chromosome is organized and n is the number of active loci observed in this chromosome in a species. As shown in Fig. 4(b) -(f), for all chromosomes the gene activity in D. madeirensis and D. guanche is also lower than in D. subobscura. This difference is most marked in the 0 chromosome (Fig. 4f) .
Biological distance
Because of a high number of occasional puffs described in each of the three species studied, the distance coefficient D2K was calculated from those puffs showing development level (2) with a mean frequency equal or superior to 5 per cent, in at least one species. Table 3 gives the chromosomal location of the 89 puffs chosen following this criteria. These represent 48 per cent of the 186 puffs observed in the three species. Table 4 and Fig. 5 summarize the results obtained with D coefficient. Considering the data for all chromosomes (Fig. 5a ) as for the five chromosomes separately (Fig. 5c-f ), except the sexual chromosome (Fig. 5b) 38BC  50B  59E  69B  79B  94C   1OAB   22E-23A  39A  50D   6OAB   70A   82NB   95C   12AC   25AC  39D  51D   60C/D   7OBC  82B-83C   95D   12D   26   40D-41A   52AC   61AC  72BC  85AB  96AC  13A  28BC  41BD  53B   61D-62A  72D-73A   86A   97AB   13BC   28D  43CD  63A  74A  87C  97DE  13E  31BC  46B   63A/B  74BC   88A   98C   ISDE   33B-34A   47BD   63B/C   88D-89A   99BC   16B  35AB  48A  65B   90A   35C  48B  66AB  90D   35E  48D   66CD 91C-92A **P<0.001. *<0.005. and D. subobscura is the relatively low puff activity in first two species with respect to D. subobscura. This feature is observed on comparing the total number of active loci as well as the mean puff expression. D. subobscura's total activity is double that of D. madeirensis or D. guanche, these latter having similar puffing levels.
Moreover, both species show relatively unchanged levels of gene activity during the pre-pupation period, in contrast to the typical Drosophila pattern shown by D. subobscura. The two major peaks in Drosophila gene activity pattern (at the beginning and the end of the pre-pupal stages) do not occur in D. madeirensis, while in I). guanche only the maximum appears at the beginning of pre-pupation. When we compare the gene expression for the five chromosomes separately, a lower level of activity is observed in I). madeirensis and D. guanche than in I).
suhobscura. The biological distances calculated between the three species shows these findings. The two endemic species, D. madeirensis and D. guanche are clustered while D. subobscura is the most distant species, in all cases with the exception of the A chromosome. Although D. subobscura and D. guanche show high structural differences in this chromosome (Moltó ci al., 1987; Brehm & Krimbas, 1990) , both species are clustered for the A chromosome, while D. rnadeirencis is, in this case, the most different species.
The low activity of D. madeirensis chromosome A, with respect to the other two species explains these data.
The relationships obtained in this work between D. madeirensis, D. subobscura and D. guanche from their puffing activity, are concordant with those inferred by Cabrera et al. (1983) Brehm & Krimbas, 1990 ). Stronger differences were found between D. subobscura and D. guanche (Moltó et a!., 1987) than between D. subobscura and D. madeirensis (Papaceit & Prevosti, 1989) . A first dichotomy giving D. guanche and a later one in which D. madeirensis and D. subobscura split off, was suggested by . The same conclusion was reached by based on electrophoretic data and by Larruga & Pinsker (1984) based on the genetic divergence of chromosome 0 in these species. Mitochondrial DNA analyses have also suggested the D. madeirensis-D. subobscura pair as the closest one . As can be seen, the phylogenetic relationships between the three species are still controversial: there is no consensus on the relative pairing of D. madeirensis, D. guanche and D. subobscura.
The weakening in puffing found in D. madeirensis and D. guanche with respect to D. subobscura, may be explained as a result of the special characteristics of these two species. Both species are insular endemic living in the last vestiges of laurisilva forests (Monchus, 1976 (Monchus, , 1984 . Their natural populations are geographically isolated and of small size, both characteristics favourable to inbreeding. In fact, an excess of homozygotes for allozyme variation was found in both species, and was attributed to their ecological conditions (Gonzalez ci al., 1983) . According to Bachmann et a!. (1989) , a species-specific satellite DNA of D. guanche can be explained by the inbreeding and isola- tion of this species. Moreover, no polymorphism for mtDNA restriction sites was detected in D. guanche , establishing a bottle-neck effect in the populations of this species. For chromosomal gene arrangements, D. madeirensis as well as D.
guanche also show high homogeneity. On the contrary, D. subobscura is a Palearctic species with wide geographical distribution, a rich chromosomal polymorphism and a higher mtDNA nucleomorph variation (Krimbas & Loukas, 1980; Afonso etal., 1990) .
A weakening in gene activity has already been described in the literature about an inbred line of D. melanogaster (Lychev, 1965 ). De Frutos et al. (1984 observed a general depression of the puffing activity m a D. subobscura laboratory strain (K228) subjected to prolonged inbreeding, with respect to other D. subobscura stocks. Differences in puffing are due to differences in the number of active loci as well as the mean gene activity. Only a certain number of puffs escape the inbreeding effect on gene activity. They are the characteristic pattern puffs common to all D. subobscura strains. Curiously, they are also present in the characteristic pattern of D. madeirensis and D. guanche (MGS puffs) . These loci represent 14 per cent of the total puffs described among the three species and also have the same temporal expression during development in the three species. Thus, this little group of puffs constitutes the essential loci for the cellular life of these species at prepupal development, that is to say, they might represent the basic sequence for gene expression, as Ashburner et a!. observed in related species (Ashburner & Lemeunier, 1972; Ashburner & Berendes, 1978) . Some of the remaining puffs could be related to fitness traits. It is well-known that inbreeding leads to a depression in the expression of traits pertaining to fitness. We have evidence that D. madeirensis shows a lower fertility and higher mortality than D. subobscura: inbreeding might provoke a negative control of gene expression, by lethal genes for example.
To conclude, the low puff activity in D. madeirensis as well as in D. guanche with respect to D. subobscura could be explained by the inbreeding effect, which leads to a general depression in gene expression (as occurs in an inbred line of D. subobscura). We think it is most likely that the clustering obtained for the three species could also be affected by inbreeding.
